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1. Introduction
In RAN Plenary #80 approved a work item on “Rel-16 enhancements for NB-IoT”. One of the objectives of this work item is to study NR to identify possible issues related to coexistence of NB-IoT with NR [1]. 
Coexistence with NR

· Study NR and LTE specifications to identify possible issues related to coexistence of NB-IoT with NR [RAN4, RAN1, RAN2]. 

This contribution discusses a few requirements for the coexistence of NB-IoT carrier to an NR carrier. These requirements are on the subcarrier spacing and numerology in NR and NB-IoT. Also, it discusses some of the potential issues such as overlap of NR SS-Block with NB-IoT carrier. 
2. Background
3GPP is planning to use NB-IoT as part of NR mMTC. Currently, NB-IoT can be deployed in stand-alone, in-band, or guard-band operation mode. The NB-IoT devices are planned to be used for very long periods of time such as 10 years [3] [4]. Therefore, NB-IoT UEs should be operational even after migration of LTE to NR. This requires the coexistence of NB-IoT and NR. In general, deploying IoT carrier within NR carrier is a desirable feature. 
The following agreement was made in RAN1 #94 on NB-IoT and NR coexistence [2]: 

Agreement
· RAN1 studies additional specification enhancement for improving the performance of coexistence of NB-IoT with NR. Note that similar agreement will be made for eMTC. 
In RAN1 #94, R1-1808046 [5] discussed how the concept of reserved resources in NR can facilitate forward compatibility and future radio interface extensions, and how these reserved resources can also be utilized to facilitate the coexistence of NR and NB-IoT. That contribution explains why NR reserved resource configuration is needed to support NB-IoT embedding [5]. Therefore, a set of NR resources will be reserved for NB-IoT transmissions. 
NR and NB-IoT coexistence is a key requirement for many wireless operators holding spectrum on different bands. They may also need to use different numerologies for NR. The wireless operators need to know all the aspects of NR and NB-IoT coexistence. 
3. Discussion 
NR supports flexible numerology with different types of SCS (LTE only supports 15 kHz SCS). NR supports 15 kHz SCS that is compatible with LTE. It is expected NR with 15 kHz SCS to coexist with NB-IoT the same way that LTE and NB-IoT coexist. NR with 15 kHz SCS has the same frame, subframe, OFDM symbol and CP durations of LTE and NB-IoT. For different NR numerologies, the alignment between NB-IoT carrier and NR carrier is needed for NR and NB-IoT coexistence. 

An operator can use a mixture of numerologies, i.e., 15 kHz and 30 kHz or a mixture of slot formats. For the NR and NB-IoT coexistence, the slots with a mixture of UL/DL cannot be used for NB-IoT when they overlap with a special subframe of NB-IoT [6].  In other words, the subframes used for NB-IoT cannot be mixture of UL/DL (either full DL or full UL transmission for NR). 

Observation 1: 
NR with 15 kHz SCS has similar frame, subframe, OFDM symbol, and CP durations of NB-IoT. So, the coexistence of NR with SCS of 15 KHz and NB-IoT should not be a concern. 
Proposal 1: 
RAN1 should study efficient coexistence between NB-IoT and NR using flexible numerologies or slot structures. 

Proposal 2: 
RAN1 should identify NR subcarriers that the NB-IoT carrier can be placed, and so, NR and NB-IoT subcarrier grids can be aligned. 

In RAN1 #94, some contributions discussed the use of reserved resources that can be configured by NR gNB that are not available for NR DL by rate match pattern configurations at resource block symbol level [3] [4]. So, the gNB can reserve DL resources for NB-IoT carrier [3][4]. On the UL, however, NR supports time domain resource allocation indicating start position and duration. This way [4] recommends the coexistence of NR and NB-IoT through the UL scheduler. 

Wireless operators holding different spectrum bands require the NR and NB-IoT coexistence. They expect RAN1 to study all the aspects of this coexistence and how the subcarrier alignment is done between NR and NB-IoT. 

Proposal 3: 
The subcarrier alignment between NR and NB-IoT should be achieved for both DL and UL irrespective of bands.
Also, on the DL, the NR SSB may overlap the NB-IoT carrier. RAN1 should study the consequence of this overlap and potential solutions to resolve it. Are there any issues and can these issues be resolved using the DL scheduler? 
Observation 2: 
NR SSB may overlap with some NB-IoT PRBs. 
Proposal 4: 
RAN1 shall study the consequence of this overlap between NR SSB with NB-IoT PRBs.
4. Conclusion 
This contribution discusses the coexistence between NR and NB-IoT systems. The following observations and requirements are presented: 
Observation 1: 
NR with 15 kHz SCS has similar frame, subframe, OFDM symbol, and CP durations of NB-IoT. So, the coexistence of NR with SCS of 15 KHz and NB-IoT should not be a matter. 
Proposal 1: 
RAN1 should study efficient coexistence between NB-IoT and NR using flexible numerologies or slot structures. 

Proposal 2: 
RAN1 should identify NR subcarriers that the NB-IoT carrier can be placed, and so, NR and NB-IoT subcarrier grids can be aligned. 

Proposal 3: 
The subcarrier alignment between NR and NB-IoT should be achieved for both DL and UL irrespective of bands.
Observation 2: 
NR SSB may overlap with some NB-IoT PRBs. 
Proposal 4: 
RAN1 shall study the consequence of this overlap between NR SSB with NB-IoT PRBs.
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